Background: Extreme lateral interbody fusions (XLIF) and Minimally Invasive (MIS) XLIF were developed to limit the vascular injuries associated with anterior lumbar interbody fusion (ALIF), and minimize the muscular/ soft tissue trauma attributed to transforaminal lumbar interbody fusion (TLIF), posterior lumbar interbody fusion (PLIF), and posterolateral lumbar fusion (PLF).
INTRODUCTION
Extreme lateral interbody fusions (XLIFs) and Minimally Invasive (MIS) XLIF were devised to reduce the vascular injuries seen with anterior lumbar interbody fusions (ALIF), and limit the muscular/soft tissue trauma seen with transforaminal lumbar interbody fusion (TLIF), posterior lumbar interbody fusion (PLIF), and posterolateral lumbar fusion (PLF). Further, XLIF/MIS XLIF uniquely contributed to multiple new major neurological injuries(10%-40%) to the lumbar plexus, ilioinguinal, iliohypogastric, genitofemoral, lateral femoral cutaneous, and subcostal nerves [ Tables 1 and 2 ]. [10, 11, [5] [6] [7] 14, 24] ese resulted in; new sensory deficits (0-75% (21.7%-40%); permanent 62.5%); new motor deficits (0.7-40%; most typically iliopsoas weakness (9%-31%: 5%)), sympathectomy (4%), and anterior thigh/groin pain (12.5%-34%). [10, 11, [5] [6] [7] 14, 24] Further multiple non-neurological complications included; subsidence (10.3%-13.8%), failure to adequately decompress stenosis, major vascular injuries (0.4%), bowel perforations, postoperative ileus, recurrent seroma, pseudarthrosis (7.5%), and malpositioning of XLIF cages including a 45% risk of cage-overhang. [5] [6] [7] 15] 
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Minimally Invasive (MIS) Extreme Lateral Interbody Fusion and XLIF (XLIF" NuVasive Inc San Diego CA) were developed to provide interbody fusion, indirect neural decompression, and stabilization. ese XLIF/MIS XLIF approaches would theoretically limit the major vascular/visceral injuries seen with ALIF, and avoid the paraspinal/soft tissue trauma observed with TLIF, PLIF, and PLF. Further, potential benefits included; smaller incisions, reduced blood loss, shorter operative time, increased disc space height, reduced infection rates, shorter length of stay (LOS), higher fusion rates, reduced subsidence rates, less postoperative pain, and lower reoperation rates [ Table 1 ]. [2, 4, 8, [16] [17] [18] In several studies, MIS XLIF performed without instrumentation (stand-alone) increased disc space height (41.9%), resulted in clinical improvement in back (58.6%)/leg pain (60.0%), improved Oswestry Disability Index Scores (ODI 44%), and lowered subsidence rates (7.5%) [ Table 1 ]. [16] [17] [18] Instrumented MIS XLIF/XLIF increased; neuroforaminal height (80.3%), foraminal width (7.4%), disc height (116.7%), segmental lordosis at L4-L5 (14.1%), and global lordosis (11.5%) [ Table 1 ]. [4] Goodnough et al. (2019) additionally documented reduced estimated blood loss (EBL) for instrumented MIS XLIF vs. ALIF treating L4-L5 degenerative spondylolisthesis (DS) [ Table 2 ]. [8] 
Anatomic Studies Showing Nerves at Risk with XLIF
However, multiple anatomic/cadaveric studies demonstrated how MIS XLIF/XLIF involving dissection through the psoas muscle, placed the lumbar plexus, ilioinguinal, iliohypogastric, genitofemoral, lateral femoral cutaneous, and subcostal nerves at risk. [1, 9, 23] e lumbar plexus is comprised of nerves L1-L4, and also receives input from the subcostal nerve (T12; last thoracic nerve). e ilioinguinal nerve is a branch of the anterior ramus of L1 (lumbar plexus) that provides sensation to the anterior surface of the scrotum/labia majora, base of the penis/mons pubis, and a small portion of the upper anterior/medial thigh; motor branches also innervate the internal oblique, and transversus abdominis muscles. e iliohypogastric nerve, also a branch of L1, contributes to skin sensation to the lateral gluteal region, and motor function to the external/internal oblique muscles, and transverse abdominus. e genitofemoral nerve, including both genital and femoral branches, provides sensation to the upper anterior thigh, and skin of the anterior scrotum/mons pubis. Exiting the lumbar plexus, between the L2-L3 vertebrae, the lateral femoral cutaneous nerve provides sensation to the skin inferior to the iliac crest and gluteal regions. Finally, the subcostal nerve, originating from the ventral ramus of T 12 (e.g. thoracic nerve), supplies motor innervation to the transversus abdominis, rectus abdominis, and pyramidalis musculature.
Definition of Safe Working Zone for XLIF
In 2010, Uribe et al. attempted to define the "safe working zones" for MIS XLIF in a series of 20 cadavers [ Table 1 ]. [23] ey divided the lumbar vertebrae into 4 zones, and dissected the psoas muscle, lumbar plexus, and nerve roots at each of these sites. "All parts of the lumbar plexus, including nerve roots, were found within the substance of the psoas muscle dorsal to the posterior fourth of the VB (vertebral body; Zone IV)". ey found the safe anatomical zones from L1-2 to L3-4 were "at the middle posterior quarter of the VB (midpoint of Zone III), and the " the safe anatomical zone at the L4-5 disc space was at the midpoint of the VB (Zone II-Zone III demarcation). "
Subcostal Nerve Injury with XLIF
In a cadaveric study, Alonso et al. (2017) observed how the subcostal nerve that typically innervates the anterolateral abdominal muscles (e.g. abdominal oblique muscle), if injured during XLIF, could contribute to abdominal wall hernias [ Table 1 ]. [1] Utilizing 10 cadavers, dissection of the subcostal nerve revealed its typical 8 branches, and its location midway between the 12 th rib and the iliac crest. ey found; "e subcostal nerve is the dominant nerve in both size and innervation of the oblique muscles in the lateral position, transpsoas approach. "
XLIF Results in Complete or Partial Nerve Transections
In a cadaver study (15 cadavers, 26 sides), Grunert et al. (2017) analyzed complete/partial nerve injuries/transections to the lumbar plexus occurring during L1-L5 XLIF [ Table 1 ]. [9] "At L1/2, the iliohypogastric, ilioinguinal, and subcostal nerves were injured within the psoas major muscle, while in the retroperitoneal space, both nerves plus the genitofemoral nerve were at risk. " As they were located outside the psoas muscle in the lateral retroperitoneal transpsoas approach, they could be readily injured during blunt retroperitoneal dissection, or by the retractor blades themselves.
Clinical Injuries with XLIF
Multiple neurological and other injuries were clinically observed following XLIF/MIS XLIF. [2] Khajavi et al. (2015) noted that with XLIF, there was a 4% incidence of anterolateral thigh/groin/ sensory complaints, and a 9% incidence of hip flexor weakness [ Table 1 ]. [11] In 2016, Epstein summarized the following neurological risks/complications of XLIF/MIS XLIF: injuries to the lumbar plexus (13.28%), new sensory deficits (0-75% (irreversible 62.5%)), new motor deficits(0.7-33.6%), thigh pain (12.5-25%), and sympathectomy (4%), [ Table 1 ]. [5, 7] Other injuries included; major vascular injuries, bowel perforations, seromas, subsidence, failure to decompress disc disease/stenosis/ spondylolisthesis/degenerative scoliosis, mispositioning of the XLIF cages, and a 45% risk of cage-overhang [ Table 1 ]. [6] In 2019, Hah and Kang found that for XLIF, the most common postoperative sensory and motor deficits involved the ipsilateral thigh in 30-40% of patients; further, these injuries were permanent in 5% of patients [ Table 2 ]. [10] Additionally, Arnold et al. (2012) emphasized the potential difficulty in accessing the L4-L5 and L5-S1 levels with the XLIF approach [ Table 1 ].
Meta-analysis of Complications of XLIF with Prepsoas vs. Transpsoas Approaches
In 2019, Walker et al. performed a meta-analysis of the complications of XLIF utilizing the prepsoas (1874 patients) vs. transpsoas (4607 patients) approaches. [24] For the prepsoas vs. transpsoas group, there were more sympathetic nerve injuries (5.4% prepsoas vs. 0% transpsoas), and more major neurovascular injuries (1.8% prepsoas vs. 0.4% transpsoas) [ Table 2 ]. [24] For the transpsoas vs. prepsoas group, there were higher rates of temporary sensory deficits (21.7% vs 8.7%), hip flexor weakness (19.7% vs 5.7%; permanent weakness 2.8% vs. 1.0%), and a higher infection rate (3.1% vs 1.1%). Notably, for both groups, there were comparable rates of urological, peritoneal/bowel injuries, postoperative ileus, hematoma, subsidence (12.2% prepsoas vs 13.8% transpsoas), and pseudarthrosis (9.9% prepsoas vs 7.5% transpsoas).
XLIF Unreliable Extent of Decompression
Using the PubMed, Cochrane, and ScienceDirect databases, Lang et al. (2017) determined that XLIF failed to provide adequate indirect decompression of central and lateral recess stenosis (e.g. decompression for disc disease, spinal stenosis, spondylolisthesis, and degenerative scoliosis) [ Table 1 ]. [13] Indeed, in the 20 publications they reviewed involving 1080 patients, the efficacy of XLIF for decompressing stenosis was "low", and "inconsistent". ey further concluded: "Most studies are limited by study design, sample size, and potential conflicts of interest. "
XLIF Resulting in Meralgia Paresthetica and Bowel Perforation
In 2018, Paterakis et al. (study years 2008 Paterakis et al. (study years -2017 retrospectively studied the efficacy of XLIF for treating degenerative scoliosis involving 12 patients averaging 64.5 years of age, and followed for 28 months [ Table 2 ]. [21] Although they found the back-related Oswestry Disability Scales (ODS) improved by 26% at 6 postoperative months, there were three major complications; 2 instances of meralgia paresthetica, and one intraoperative bowel perforation (requiring resection/anastomosis).
XLIF Subsidence Rate
In a meta-analysis of XLIF, reviewing 14 articles and involving 1362 patients, Macki et al. (2019) found a 10.3% subsidence rate (141/1362 patients) that warranted a 2.7% incidence of reoperations (N = 41/1470 patients in 16 articles) [ Table 2 ]. [15] Learning Curve for XLIF
In a retrospective analysis of the learning curve (e.g. complications/outcomes) for the first 30 oblique lumbar interbody fusion (OLIF) vs. the first 30 XLIF, Li et al. (2019) found there were fewer complications for XLIF (10%) vs. OLIF (33.3%; increased neurovascular trauma). Nevertheless, XLIF still resulted in a 10% significant complication rate [ Table 2 ]. [14] Adjacent Table 1 ]. [11] On the other hand, Ono et al. (2019) reviewed 21 patients who underwent spinal deformity surgery, and at one postoperative year, XLIF demonstrated a strong ability to reconstruct the deformity [ Table 2 ]. [19] 
Cases of L1-L2 Disc Herniations Treated with MIS XLIF Utilizing CT Guidance
Oyelese et al. (2018) evaluated three MIS XLIF performed at the L1-L2 level addressing disc disease and stenosis. [20] ey utilized intraoperative CT to facilitate "A safe corridor of direct visualization to the ventral thecal sac with minimal bony resection…", and anticipated this "…could, in principle, reduce neurological injury and biomechanical instability, which likely contribute to poor outcomes (e.g. for MIS XLIF) at this level. " [ Table 2 ]. [20] Modifications and Surgical Alternatives to XLIF Table 2 ]. [3] Open laminectomy/posterior pedicle-screw instrumentation vs. percutaneous pedicle screw instrumentation without decompression resulted in comparable clinical improvement, but the open procedure had higher complication rates. ey, therefore, recommended using percutaneous posterior fixation alone without decompression. Table 2 ]. [12] ey found comparable surgical duration and length of stay(LOS), but the XLIF showed decreased EBL, and greater alignment correction.
Endoscopic XLIF
Comparing Mini Open TLIF vs. XLIF for Degenerative Lumbar Spondylolisthesis
CONCLUSION
ere are multiple neurological and other surgical risks associated with MIS XLIF/XLIF. e resultant nerve injuries included; the lumbar plexus, iliohypogastric, ilioinguinal, genitofemoral, subcostal, lateral femoral cutaneous nerves, meralgia paresthetica and sympathectomy [ Tables 1 and 2 ]. e non-neurological injuries included; major vascular injuries, bowel perforations, seromas, subsidence, failure to adequately decompress stenosis, malpositioning of MIS XLIF/XLIF cages, and a high risk of cage-overhang [ Tables 1 and 2 ]. Shouldn't these significant risks/complications be carefully considered before choosing to perform MIS XLIF/XLIF?
